Purpose: Interleukin-6 (IL-6) encodes a cytokine protein, which causes inflammation, maintains immune homeostasis and plays an essential role in oral pathogenesis. The aim of this study was to evaluate the association between IL-6 (−174 and −572) G/C promoter gene polymorphisms and risk of OSCC among Indians.
Introduction
Oral squamous cell carcinoma (OSCC) is a common malignant tumor of the oral cavity and has a high incidence with poor prognosis (Alvarez Marcos et al., 2006; Argiris et al., 2008) . In India, OSCC is one of the major causes of cancer-related deaths. It is predominant in Indian males (Dikshit et al., 2012; Kuruvilla, 2008) . OSCC is a multistep progression which is influenced by several environmental factors, such as tobacco chewing, smoking and alcohol consumption and alteration in genes, such as genetic tumor suppressor genes and oncogenes (Ko et al., 1995; Williams, 2000) . Several studies have observed that the common polymorphisms in angiogenesis, inflammation and thrombosis-related genes, are associated with increased risk for oral cancer (Dikshit et al., 2012; Ko et al., 1995; Kuruvilla, 2008; Sansone and Bromberg, 2012; Tan et al., 2005) . One such factor, related with both thrombosis and malignancies, is interleukin-6 (IL-6) (Guo et al., 2012; Seike et al., 2011; Terry et al., 2000; Wojcik et al., 2010) . IL-6, also known as B cell differentiation factor, is an immune regulatory cytokine, involved in the regulation of various cellular functions (angiogenesis, apoptosis, proliferation, differentiation and regulation of immune response) (Culig et al., 2005) . IL-6 may also have an essential role in the growth and differentiation of malignant tumors (Mandal et al., 2014; Zarogoulidis et al., 2013) .
IL-6 is a multifunctional cytokine of Th2 type which has both, pro-inflammatory and antiinflammatory cytokine activities (Sansone and Bromberg, 2012) . It is a glycoprotein which consists of 184 amino acids and has a molecular weight of 26 kDa (Guo et al., 2012) . It is involved in tumor growth, differentiation of malignant cancer cells and microenvironment immune-modulation (Lagmay et al., 2009; Seike et al., 2011) . These properties are the result of enhanced neo-angiogenesis, inhibition of cancer cell apoptosis and acquired cell resistance (Wojcik et al., 2010) . IL-6 is secreted by T cells, which is capable of stimulating immune responses, including responses to tumors. The IL-6 gene is located on chromosome 7p21 and the SNPs at the 5′ flanking region of the IL-6 promoter, to be identified as IL-6 − 174 and − 572 (Terry et al., 2000) . IL-6 (− 174) G/C genepolymorphism is one of the most frequently studied polymorphisms. IL-6 (− 174) G/C gene polymorphism alters the expression of IL-6 gene. The genotypes GC, CC and allele C of IL-6 (− 174) G/C gene polymorphism are associated with increased risk of oral cancer (Vairaktaris et al., 2006) . Some studies observed that the IL-6 (− 174) G/C gene polymorphism was significantly associated with some cancers (breast, ovarian, prostatic, gastric, cervical and colorectal cancer) (Berek et al., 1991; DeMichele et al., 2003; Landi et al., 2003; Slattery et al., 2007; Yeh et al., 2010) . The IL-6 (− 572) G allele is also associated with increased level of IL-6 protein in serum than C/C allele and is significantly associated with the risk of lung cancer (Jerrard-Dunne et al., 2004; Seow et al., 2006) . On the contrary IL-6 (− 174 and − 572) C/G gene polymorphisms are not associated with the risk of gastric cancer, moreover they lower the risk of bladder cancer (Xu et al., 2011; Yin et al., 2012) .
Since the association between IL-6 (−174G/C and −572G/C) gene polymorphism with OSCC in the Indian population has yet not been studied, we investigated the role of IL-6 promoter (−174) G/C and (−572) G/C gene polymorphisms in pathogenesis of OSCC in Indian population.
Materials and methods
The current study was undertaken on a total of 272 OSCC patients and 185 healthy controls. Histopathologically confirmed OSCC patients from the Department of Surgical Oncology, King George's Medical University, UP, Lucknow were recruited for this study. Clinical information, including age, sex, tobacco chewing, smoking, alcohol consumption and TNM stages, was obtained from patients' medical charts. This study was approved by the Institutional Ethics Committee of the King George's Medical University, Lucknow. An informed written consent was obtained from all the subjects.
Blood collection and molecular analyses
Venous blood samples were collected in EDTA tubes and stored at −80°C, till DNA extraction. Genomic DNA extraction from blood samples was carried out by salting out method.
Genotyping of IL-6 (−174) G/C gene polymorphism
The PCR of IL-6 (−174) G/C, the final volume of PCR reaction mixture, was 25 μl containing 40 ng genomic DNA, 10 picomole each of forward and reverse primers (5′-TTGTCAAGACATGCCAAGTGCT-3′ and 5′-GCCT CAGAGACATCTCCAGTCC-3′) at concentration of 1X, 1X PCR master mixture. Amplification was carried out at 94°C for 5 min followed by 35 cycles of 30 s at 94°C for denaturation, 45 s at 57°C for annealing, 45 s at 72°C for extension, with a final extension at 72°C for 7 min (Table 1 ). An overnight digestion with 3 units NlaIII at 37°C yielded G allele (244 + 133 + 11) bp and C allele (133 + 111 + 56) bp products. The obtained fragments' sizes were analyzed on a 2% agarose gel. After restriction digestion, the obtained predicted sizes of the fragments are shown in Table 1 and Fig. 1 .
Genotyping of IL-6 (−572) G/C gene polymorphism
The PCR of IL-6 (−572G/C), the final volume of PCR reaction mixture, was 25 μl containing 40 ng genomic DNA, 10 picomole each of forward and reverse primers (5′-GGAGACGCCTTGAAGTAACTGC-3′ and 5′-GAGT TTCCTCTGACTCCATCGCAG-3′) at concentration of 1X, 1X PCR master mixture. Amplification was carried out at 94°C for 5 min followed by 35 cycle of 30 s at 94°C for denaturation, 40 s at 55°C for annealing, 30 s at 72°C for extension, with a final extension at 72°C for 7 min (Table 1 ). An overnight digestion with 3 units MbiI at 37°C yielded G allele (102, 61) bp and C allele (163) bp products. The obtained fragments' sizes were analyzed on a 2% agarose gel. After restriction digestion, the obtained predicted sizes of the fragments are shown in Table 1 and Fig. 2 .
Statistical analysis
The obtained demographics and clinical data were analyzed using Chi-square test. Genotype and allele frequencies of IL-6 were compared between OSCC cases and controls, using the Chi-square test. Odds ratios (ORs) were calculated to estimate the strength of association between the two IL-6 promoter (− 174 and − 572) gene polymorphisms and risk of OSCC. ORs are given with 95% confidence interval (CI). A 'pvalue' b 0.05 was considered to be statistically significant.
Results
Demographic characteristics, lifestyle and disease status of OSCC patients are previously published (Singh et al., 2014a (Singh et al., , 2014b , which included age (47.67 ± 12.67 and 43.1 ± 8.31), sexes [(80.51% male and 76.76% male), (19.49% female and 23.24% female)], height (162.33 ± 6.0 and 163.10 ± 5.65) and weight (55.86 ± 8.50 and 57.78 ± 7.58) in OSCC patients and controls respectively. In this study we also observed tobacco chewing (61.40%, 47.57%), smoking (30.51%, 21.62%) and alcohol consumption (13.97%, 11.35%) in OSCC patients and controls respectively. In this study we observed that smoking and tobacco chewing are significantly (p b 0.05) associated, while alcohol consumption is not significantly associated with OSCC. The occurrence of tumor stages [I (8.09%) II (56.25), III (32.72) and (1.47) IV], tumor T status (≤T2 71%, NT2 29%), and lymph node status (N0 76.47% and N1 + N2 23.53%) was presented in this study. Table 1 Primer sequences and restriction enzyme for IL-6 gene polymorphism.
SNP locus
Primer sequence Restriction enzyme Product size (bp) The genotype and allele frequencies of IL-6 (−174) G/C and (−572) G/C
The genotype and allele frequencies of the IL-6 (− 174) G/C and IL-6 (−572) G/C gene polymorphisms among the controls and OSCC patients are shown in Table 2 . The frequencies of the GG, GC and CC genotypes of IL-6 (−174G/C) were 55.15%, 37.13% and 7.72% in the OSCC patients and 69.73%, 25.41% and 4.86% in controls, respectively. On the other hand the allele frequencies of the G and C were 73.71% and 26.29% in the OSCC patients, and 82.43% and 17.57% in controls, respectively (Table 2) .
There were significant differences in the GC genotype and C allele frequencies of the IL-6 (−174) G/C gene polymorphism between OSCC patients and controls. The difference between OSCC patients and controls was statistically significant in homozygous GG and heterozygous GC genotype (OR: 1.848, CI: 1.216-2.809; p: 0.005) and homozygous GG and CC genotype (OR: 2.007, CI: 0.888-4.537; p: 0.131). C allele was also significantly increased, as compared with the G allele [OR: 1.673, CI: 1.204−2.325; p: 0.003] ( Table 2 ). The genotype (GG vs GC) and allele frequencies of the IL-6 (−174) G/C gene polymorphism between control group and OSCC patients, with cancer stages (I/II and III/IV), were significantly different [p = 0.0089 and 0.05 respectively] ( Table 2) .
The frequencies of the GG, GC and CC genotypes of IL-6 (−572) G/C were 27.57%, 64.34% and 8.09% in the OSCC patients and 30.81%, 62.16% and 7.03% in controls, respectively. On the other hand the allele frequencies of the G and C were 59.74% and 40.26% in the OSCC patients and 59.29% and 40.71% in controls, respectively (Table 3) . The genotypes and allele frequencies of the IL-6 (− 572) G/C were not significantly different between controls and OSCC patients. The genotype (GG vs GC) and allele frequencies of the IL-6 (−174) G/C gene polymorphism between controls and OSCC patients with cancer stages (I/II and III/IV), were not significantly different (p N 0.05) ( Table 2) . Fig. 1 . PCR-RFLP analysis for IL-6 −174G/C genotyping. The PCR-amplified product was 300 bp. The fragments after digestion with NlaIII (lanes 1: 100 bp ladder, lanes 2, 4: GG, lanes 3, 6, 8, 9: GC and lanes 5, 7: CC genotype) were obtained. Fig. 2 . PCR-RFLP analysis for IL-6 −572G/C genotyping. The PCR-amplified product was 163 bp. The fragments after digestion with MbiI (lanes 1: 100 bp ladder, lanes 2, 3, 4, 5, 8, 9: GC, lanes 6, 10, 11: GG and lane 7: CC genotype) were obtained. Correlation between genotype distribution of IL-6 (−174) G/C and (−572) G/C in tobacco chewing, smoking and alcohol consumption in OSCC patients and controls
The correlation between genotypes and allele frequencies of IL-6 (−174) G/C and (−572) G/C gene polymorphisms with tobacco chewing, smoking and alcohol consumption, on OSCC susceptibility, is shown in Tables 3 and 4 . In tobacco chewing, the genotype frequencies of GG, GC and CC of the IL-6 (−174) G/C and (− 572) G/C gene polymorphisms were not significantly (p N 0.05) associated with the development of OSCC as compared with controls (Tables 3 and 4) . However the GC genotype of the IL-6 (− 174) G/C and GC, CC genotype of the IL-6 (−572) G/C gene polymorphism were significantly (p b 0.05) associated with the development of OSCC (Tables 3 and 4) .
Association of IL-6 (−174) G/C and (−572) G/C genotypes with tumor status
We stratified the OSCC patients into two categories on the basis of disease status, low risk OSCC group (stage I + II, ≤ T2 and N0) and high risk OSCC group (stage III + IV, N T2 and N1 + N2). Low risk OSCC (Table 5) .
Discussions
To the best of our knowledge, this is the first study that correlates the genotype and allele frequencies of IL-6 (−174 and −572) gene polymorphism with OSCC, in Indian population. The immune response to inflammation frequently plays an important role in the pathogenesis of a tumor (Savage et al., 2004) . Genetic alteration also plays a significant role in the inflammatory response, which may be associated with the risk of development of various cancers, including the oral cancer (Savage et al., 2004) . IL-6 is an immuneregulatory cytokine with biological functions of pro-inflammation, anti-inflammation and angiogenesis. These responses are triggered by activation of the JAK tyrosine kinase family and then further stimulated by the MAPK, PI3K, or STAT signaling pathways (Aggarwal et al., 2006; Chen et al., 2012; Kishimoto, 1989; Schafer and Brugge, 2007) . It has been suggested that polymorphisms in genes, encoding inflammatory mediators, may influence the plasma level and the biological activity of the corresponding proteins (Jibiki et al., 2001 ). IL-6 (−174G/C) promoter SNP is a crucial mediator of the Th2 response, that has been associated with increased IL-6 production (Savage et al., 2004) . During the inflammation, the C allele of IL-6 (−174) G/C gene polymorphism elevates the level of IL-6 protein (Belluco et al., 2003; Berger, 2004; DeMichele et al., 2003) . In addition, several studies have reported that the increased serum level of IL-6 was obtained during development and progression of tumors, including oral cancer (DeMichele et al., 2003; Vucicević Boras et al., 2005; Wang et al., 2002) . In fact, an increased level of IL-6 protein was associated with poor prognosis and high mortality in various cancers (Chung and Chang, 2003; Michalaki et al., 2004; Srivani and Nagarajan, 2003) . St John et al. (2004) reported that the increased level of IL-6 was present in the serum of patients with OSCC (St John et al., 2004) . Chen et al. (2012) reported that the increased expression of IL-6 in tumor cells was significantly associated with aggressive clinical manifestations and might be an independent survival predictor, particularly in male OSCC patients (Chen et al., 2012) .
In the present study, we found that the promoter (−174) GC genotype is significantly associated with increased risk of OSCC. Moreover, the −174 C allele was also associated with a high risk for development of OSCC. The genotype and allele frequencies of IL-6 (− 572) G/C were not significantly associated with the risk of OSCC. Moreover these (−174 and − 572) promoter region genotypes were not associated with the progression of OSCC. The reported observations of various studies, about the association of IL-6 gene polymorphism with various cancers, are variable. A previous study by Vairaktaris et al. (2006) reported that the IL-6 gene polymorphism is strongly correlated with increased risk for oral cancer by affecting IL-6 gene expression. The GC heterozygotes and CC homozygotes were significantly associated with the development and progression of oral cancer (Vairaktaris et al., 2006) . Our finding are also supported by DeMichele et al. (2003) and Landi et al. (2003) , who reported that the genotypes (GC, CC) and allele C frequencies of IL-6 (−174) G/C were significantly associated with increased risk for breast and colorectal cancers (DeMichele et al., 2003; Landi et al., 2003) . Several previous studies showed that the elevated level of IL-6 protein in serum is present in many cancers (OSCC, breast, prostate, ovarian, gastric, colorectal and cervical cancers) , in which the C allele of promoter (−174G/C) gene polymorphism was found associated with increased production of IL-6 protein and risk of cancers (Bachelot et al., 2003; Berek et al., 1991; Hefler et al., 2005; Kishimoto, 1989; Slattery et al., 2007; Zhang and Adachi, 1999) . On the contrary, several studies reported that the IL-6 (−174) G/C gene polymorphism was not significant associated with some cancers (breast, prostate, colorectal, lung and gastric cancer) lymphoma, melanoma and multiple myeloma (Xu et al., 2011; Yu et al., 2010) . Balasubramanian et al. (2006) also did not observe any significant association between the (−174) G/C polymorphism of IL-6 and breast cancer (Balasubramanian et al., 2006) . Individuals with the C allele of IL-6 (−572) G/C gene polymorphism and the GG genotype for the IL-6 (−174) G/C gene polymorphism were associated with decreased risk of colon cancer, but with an increased risk of rectal cancer (Slattery et al., 2007) . Liang et al. (2013) reported that the C allele at (− 572) locus of IL-6 genepolymorphism was significantly associated with lung cancer (Liang et al., 2013) . Yin et al. (2012) suggested that the IL-6 (−174 C/G and −572 C/G) gene polymorphisms were not associated with the risk of gastric cancer (Yin et al., 2012) . In our study the genotypes and allele frequencies of IL-6 (−174 and −572) G/C gene polymorphism were not associated with environmental factors (tobacco chewing, smoking and alcohol consumption) and tumor progression. These results are similar to that of Balasubramanian et al. (2006) , who showed that IL-6 (−174) G/C gene polymorphism was not associated with either breast cancer risk or severity and prognosis, as assessed by tumor grade and lymph node status (Balasubramanian et al., 2006) . In contrast, Vairaktaris et al. (2006) demonstrated that the CC and GC genotypes of IL-6 (−174) G/C polymorphism were significantly associated with the development and progression of cancer, in alcohol consuming patients. Furthermore, C allele carriers have twice as much greater relative risk for developing oral cancer in stages III & IV than in I & II (Vairaktaris et al., 2006) . It can be concluded that the present study provides evidence of the correlation between IL-6 (−174) G/C gene polymorphism with risk of OSCC. The GC genotype and C allele are significantly associated with the risk of OSCC, whereas IL-6 (−572) G/C polymorphism is not associated with OSCC. Moreover related environmental factors and gene interactions are not associated with pathogenesis of OSCC. IL-6 (− 174 and − 572) promoter gene polymorphisms are not significantly associated with progression of OSCC. This finding suggests that IL-6 may be used as a diagnostic marker for effective management of OSCC in future, though further studies with larger sample sizes will be necessary to confirm this.
